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ABSTRACT 


The polaris Submarine Weapons System is presently employing two 
crews per submarine, working in shifts in order to maximize the time 
on station for each submarine. The cost of this personnel policy as 
compared to the cost of using other alternatives is of current interest. 
The purpose of this thesis is to present a technique for making this 
comparison. The actual data is not presented here, but hypothetical 


examples are given. 














- E a Tz, AO 
— go o zu a Wi 
m qe > © ee 


FS — W a LD. A å ©& 


> «q D EEE (Ao ba 





—å = 


TABLE OF CONTENTS 


Introduction 
Chapter I. The Operational Cycles 
Chapter II. The Analytical Model 
l. The Numbsr of Boata Per Station 
2. Tha Long Range Personnel Requirements 
3. Tha Cost Equations 
4. Tha Choice and Effect of Upkesp Base Locution 
Chapter III. Analytical Model 
1. The Alternatives 
2. kxamples 
Chapter IV Conclusions and Recommendations 
1. Gonciusions 
2. Raconnendations 


Appendix. 


List of symbols 


Pa gå 


13 
13 


15 
13 
20 
20 
26 
29 
29 
29 
31 


36 





Pigurza 


LIST (Y PIGUEIS AND TABLES 


The BOAT PATRO. OYCLE 


The Relationship Between the GREW PATROL 
CYCLE and the BOAT PATROL CYCLE 


LONG RANGE OPERATIONAL CYCLE 

SSBN FERSONNEL CARSER CYCLE 

The Relationship Between the LONG RANGE 
OPERATIONAL GYCLE and the SSBN PERSONNEL 
CAREER CYCLE 


The SSBN Personnel Systam 


Equetions and Format for tne Analysis 


Suggested Measures of Effectiveness 


Page 


10 


23 
25 





PREF ACE 


The Introduction describes the problem studied in this paper and 
the nature of the results obtained. The major factors and essentail 
elements of the problem are also briefly discussed. 

Chapter I provides a description of the operation of the Polaris 
submarines in terms of two sets of operational cycles, one set describ- 
ing the boat operation and one set describing the personnel systemo 
These cycles consist of patrol, maintenance, leave, training, and yarå 
work phases. 

Chapter II of this paper presents the analytical model for making 
the comparison between alternative personnel policies. The method of 
determining the number of submarines and personnel required to keep one 
boat on station continuously for a period of years is developed first. 
Then the cost equations giving the boat costs and personnel expenses 
per boat on station are given. Finally, the relationship between the 
crew equations and the boat equations is shown in order to develope 
the criterion for selecting upkeep base location. 

In Chapter III, the alternative personnel policies are discussed, 
and the procedures for using the analysis of this paper are described. 
Four examples are provided for illustration. 


Chapter IV presents the Conclusion and Recommendations 


The author wishes to acknowledge the help of his advisor, Pro= 
fessor T. E. Oberbeck, who kept him from going astray at several crucial 
points, and Associate Professor J. H. Gandelman, who provided a great 


deal of advice and assistance. 
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INTRODUCTION 

The Polaris Submarine Weapon System operation presently employs 
two crews per submarine in order to maximize the amownt of time each 
submarine can be on station. This thesis presents a method of com- 
paring alternatives to the present dual crew policy by comparing the 
nunbers of personne] and submarines required and the costa associated 
with each policy. 

The factors which bear most heavily on this problem are: 

The number of crews per boat 

The sea duty-shore duty rotation plan 

The personnel attrition rate 

The cost of training 

The annual cost of the pay and administration 

of the personnel 

The initial cost of the submarines and equipment 

The annual cost of operation and maintenance 

The number of submarines required to keep one 

on station. 

It is assumed that the average expenses associated with each crew 
and the cost of a submarine can be determined from budgetary data and 
personnel statistics. The cost of the boat with its equipment and ths 
expenses associated with the personnel wil] be considered separately. 

A submarine is considered to be capable of spending a fraction of 
its "life" on patrol while the remaining part is spent in maintenance, 
either in the shipyard or tender upkeep base. The fraction of time a 
boat can spend on station determines the number of boats required to 
patrol one station continuously. Likewise, the personnel are capable 
of spending only a fraction of their careers on station; thus, it will 
take a certain number of personnel, more than one crew, to keep a boat 
on station. 


The personnel are subject to attrition. Because of attrition, new 


personnel must be trained each year to keep the crews up to full 


1 





complement. It is training this input of personnel that makes up a 
Significant portion of the overall crew costs. Thus the rate of loss 
of personnel from the Polaris system is an important factor. The de- 
ternination of this factor is complicated by the unpredicatability of 
the personnel reaction to sach alternative personnel policy. It will be 
possible to estimate, at least qualitatively, the effect on the attrition 
rate that various alternatives may bring about. With this problem in 
mind, the results are expressed as functions of the attrition rate, 

For each alternative personnel policy, the results can be used to 
determine such quantities as: 


The number of stations which can be patrolled with a 
given number of submarines 


The number of personnel which must be trained over a 
period of years 


The personnel training costs and other personnel ex- 
penses per station patrolled 


The boat, missle, and equipment costs per station 
patrolled 


The conclusions that are reached are in the form of equations be- 
cause the actual figures to be compared by this model have not yet been 
collected. Comparisons using hypothetical values are given in 


Chapter III. 





CHAPTER 1 


THE OPERATIONAL CYCLES 


The Polaris Weapon System operation can be characterized by several 
operational cycles. In this section, each of these cycles is described 
in terms of a certain sequence of events. From the cycles, it will be 
observed that the personne] and submarines spend only certain fractions 
of their "careers" on station, ready to fire. These fractions are im- 
portant; therefore, they are given definitions and symbols to represent 
them. 

The fundamental cycle is the BOAT PATROL CYCLE. It consists of an 
UPKEEP period and a PATROL period and is illustrated in Figure 1. The 
UPKEEP period will usually take place at an advanced tender upkeep base, 
but may take place at the home port of the submarine or elsewhere within 
the Continental United States. The PATROL will consist of a transit to 
station, the on-station period, and the transit back to the base. The 
fraction of the BOAT PATROL CYCLE spent on patrol is an important 
variable; therefore, we define this fraction as: 


(1) t, = Length_of Patrol) 
Length of Boat Patrol Cycle) 


> 






“BOAT PATROL CYCLE | 







PATROL u 
en about 90 days -------+ 
FIGURE 1. The BOAT PATROL CYCLE 

The CREW PATROL CYCLE is similar to the BOAT PATROL CYCLE except 

that it must be modified to accomodate the use of multiple crews. The 


CREW PATROL CYCLE consists of an UPKEEP period, a PATROL period, and in 
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the case of multiple crews, a HOME PORT LEAVE AND TRAINING period as 
shown in Figure 2. The CREW PATROL CYCLES and the BOAT PATROL CYCLES 
must be fitted together to provide a smooth working plan in which each 
crew in turn takes the boat through a complete BOAT PATROL CYCLE, 


For one crew per boats 


BOAT PATROL | CYCLE | 


BOAT UPKEEP PATROL 


CREW CREW PATROL CYCLE 





For Two crews per boat: 








BOAT 

HOME SORT ENE 
CREW I E le CAROL | SDA THING ae 
oie HOME PORT LEAVE 






& TRAINING IF 

















BOAT | UPKEEP PATROL UPKEEP PATROL UPKEEP 

CREW I PATROL HOME PORT LEAVE | & TRAINING 
HOME PORT LEAVE — m [ 

ll _ € TRAININ 

CREW III 


FIGURE 2. The relationships between the BOAT PATRCL CYCLES 
and the CREW PATROL CYCLES 





In the present situation and in meny of the alternative personnel 
policies, cne or more crews will be used to operete each deployed boat; 
therefore, it will be convenient to define 
(2) a = the number of deployed crews per 

deployed boat. 
Notice that 
a x (Length of tbe BOAT PATROL CYCLE) = 
(Length of the CREW PATROL CYCLE). 

We have previcusiy defineá a variable (t) which indicetes the 
fraction of time which the boats spend on patrol., For the crews, we are 
interested in the fraction of time they are away from their home port. 
There are two important cases. The UPKEEP pericds may all take place in 
the advanced base, cr they may all take place in the home port, Ina 
third case, which is developed in deteil in Section 4 of Chapter IT, 
there may be a plan to scheduie some upkeep in home port and some in the 
advanced base. 


(3) te = the fraction of the CREW PATROL CYCLE that 
the crew is away from hone. 


lone terms "DEPLOYMENT" and "DEPLOYED" are used in 


this paper in a special sense. Boats on "Deploy= 
ment" and Crews on "Deployment" are those boats 
and crews which are actively engaged in the 
business of keeping Polaris missles on station, 
which in this paper will include the upkeep 
pericds and crew leave and training pericds 
between patrols. 
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In the case when the UPKEEP is in the advanced base ) 
= length of Fatrol and Upkeep 
Length of CREW PATRCL CYCLE 
and 


t_ = Length of BOAT PATROL CICLE - B 
Length of CREW PATROL CYCLE ` 


For the case when the UPKEEP takes place in the home port, 


to = length of Patrol 
Length of CREW PATROL CYCLE 


- Length of Patrol OS 
a° (Length of BOAT PATROL CYCLE) ~ ao 
Therefore, we write 


(3a) ts ( 1/a if all UPKEEP takes place in the 
$ advanced base 


tb/a if all UPKEEP takes place in home 
port. 


In considering the extent to which the boat is deployed over a 
long pericd of time, it is convenient tc define the LONG RANGE OPERA} 
TIONAL CYCLE, which shall consist of a BOAT DEPLOYMENT phase and e 
YARD OVERHAUL. The BOAT DEPLOYMENT phase shall consist of a number of 
BOAT PATROL CYCLES as shown in Figure 3. The YARD OVERHAUL phase shall 
consist of the entire period between deployments which includes the 
preperation for the yard work, the yard period itself, and the post 


yard shakedown and training period. 





FIGURE 3. The LONG RANGE OPERATICNAL CYCLE 
of the FBM Submarine. 
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Considure tion of Faruve 3 leuds us to datine 


(4) Ty = frection of the LONG RANGE CFERATIONAL CYCLE spent 
in tho DEPLOYMENT phase. 
Then, 
Th = Length of BOAT DEPLOYMENT, | | 
Length of LONG RANGE Crens. DONE 


P x Length of BOAT PATROL CYCLE 
Length of LONG RANGE OFERATICNAL CYCLE 


To determine the number of subnarii, ic one Submarine 
on station at all times, we must deterwinc the- amount of time needed 
for upkeep and yard maintenance during the submarine's lifetime. The 
larger the portion of the submarine's life spent in the shiryard and in 
maintenance, the more submarines we need to keep one on station at ali 
tines. 

For the crews wo have a similear situation. In additicn to assign- 
ment to a deployed SSBN, each submariner expects and requires a certain 
amcunt of his career to be spent in other types of Navy activity. Here, 
too, we shall need more than one man for each billet to fill continuously 
the crews of the deployed submarine. We are also faced with the fact 
that crewmen become more senior in years and experience and must be 
snifted from bíllet to bíllet to take advantage of their capebilities 
to handle more responsible positions as time goes on. At some point in 
time, every man trained and put into the FBM progrem will either reach 
retirement age or leave at some earlier time. 

The assignment to a deployed crew will not be permanent, therefore 
it is necessary to consider an overall career rotation plan. Let us 
define an SSBN PERSONNEL CAREER CYCLE which consists of the SSBN ASSIGN= 


MENT phase and the ALTERNATE ASSIGNMENT phese. Figure 4 illustrates 





this cycle anc figure 5 iilustrates all of the cycles. 






es = Se ee A ~— oe o 


SSEN FERSONNEL CARFER CYCLE 


ee gee a = =< 5 el Sa 


SSBN ASSIGNMENT ALTERNATE ASSIGNMENT | 






ER — = - = par ne rn 


Im on nun several years > === ==. - | 
FIGURE 4. THE SSBN PERSCNNEL CAREER CYCLE 


Every man trained for duty in FMB subnarines who remains qualified will 
be in the FERSONNEL CAREER CYCLE, During the SSBN ASSIGNMENT phase each 
FBM submariner will be assigned to one of the crews of the deployed sub= 
marines. During the ALTERNATE ASSIGNMENT phase, the FBM submariner will 
be assigned to other billets in the FBM program or to other locations in 
the Navy. For convenience, we skall consider those personnel assigned 
to SSBN located in the yard as being in the ALTERNATE ASSIGNMENT phase. 
It is only when & man retires, or leaves the SSBN program permanently, 
that he will be counted as "lost by attrition." 

The more detailed model of the CAREER CYCLE shows the deployed crewe 
and the non deployed crews. The deployed crews are the ones which take 
turns taking the submarine through the BOAT PATROL CYCLE and thus they 
rotate through the CREW PATROL CYCLE. The non deployed or "pseudo crews", 
as they will be called here, are the ones to which the personnel in the 
ALTERNATE ASSIGNMENT phase are conceptually assigned. These pseudo 
crews do not rotate, but the personnel assigned to them do rotate to the 
deployed crews and back to the pseudo crews. Figure 6 displays this 
model graphically, with the training input and attrition also shown. 

To assist in accounting for the numbers of those crews, we define 
for any given personnel policy, 


(5) a! = the number of pseudo crews per 
deployed beat, 


and 
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FIGURE 6, THE SSBN PERSONNEL SYSTEM 





(6) A =a+a! = the total nmber of crews in the 
CAREER CYCLE per deployed boat 


The fraction of his career that ezch man spends assigned to an 
FBM submarine will determine the number of men in the CAREER CYCLE 
needed for each billet in a deployed crew, Thus we are led to define 
Te as follows: 
Te = the fraction of the CAREER CYCLE an 
FBM submariner is assigned to a 
(7) deployed SSBN 


Te = length of SSBN ASSIGNMENT | 
Length of SSBN PERSONNEL CAREER CYCLE 


The LONG RANGE OPERATION CYCLE and the SSBN PERSONNEL CYCLE need 
not be as carefully fitted together as the CREW PATROL CYCLE and the 
BOAT PATROL CYCLES, because the individual personnel assigned to a par~ 
ticular boat may be assigned or reassigned without interfering with the 
Bont cycles. For example, if a boat is to go to the yard, some of ite 
personnel will be sent to other SSBN, These people are still in the 
SSBN ASSIGNMENT phase. The remaining ars personnel going to ALTERNATE 
ASSIGNMENTS. When the boat returns to the Deployment Phase, the crews 
are filled with personnel from ALTSRNATS ASSIGNMENTS or from other SSBN, 
Thus the movement of personnel between the SSBN ASSIGNMENT phase and the 
ALTSRNATE ASSIGNMENT phase is not directly tied to the movement of the 
subnarines between tha phases of the LONG RANGE OPERATION CYCLE. 

It is envisioned that until the FBM weapons system begins tə be 
replaced by the next generation of deterrent forces that these basic 
cycles will characterize its operation. It is to be expected that the 
length of the cycies and the relative length of the phases within the 
cycles may change from time to time, or may be fitted together into various 


long range patterns. These considerations will be kept in mind throughout 
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tha development of tha model. We will not, however, anticipate a sudden 
chenze in the role of tha FBM systen in the defense of the nation. Thus, 
the operational commitments of each submarine may be planned to satis-= 
factory precision for a long as tan years. 

The operation has now been described in terms of four cycles. The 
fractions of each cycle spent in each phase have been defined and symbols 
have been defined to represent the number of craws in each cycle per de= 
ployed boat. In the next chapter, these consapts are used to formulate 


the desired mathenatical analysis. 
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CHAPTER II 
AN ANALYTICAL MODEL 

In Chapter II we will develop the analytical method of comparing 
the various alternatives, First, we shall find the number of submarines 
needed to keep one on station. Next, the total input of personnel to the 
system over a period of years will be determined, and finally, the equa= 
tions for the total costs over the same period of years for both the sub- 
marines end the personnel will be derived. 

l. The Number of Boats Per Station. 

We are interested in the number of submarines in the LONG RANGE 
OPERATIONAL CYCLE per boat on station. To do this, we first determine 
the number of deployed submarines per boat on station. 

Part of each PATROL must be used in transit to end from station. 
Therefore, the fraction of the BOAT PATROL CYCLE spent on station, th, 
is related to ts by a factor which shell be defined as 
(8) r = Length of time on station 

Length of time on patrol; 7. 


thus PG we 
Then we can write 


We shall call r the onstation factor. 


The number of deployed boats per staticn is now easily computed. 


Let 

(10) n, = the number of deployed boats per boat on 
station; | 

then no =: 
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Censideration of the fraction cf the LONG RANGE OFZRATICNAL GICLE which 


na beat spendo deployed leads to the number of submsrines par station. 
Spo P 


Lat 
(21) N; = tho nunter of subwnrinss ın the LONG 
RANGE OPERATICMAL CYCLE per boat on 
station; 
) K -> 
ther: No = Ny 
Tp 
Ths wumer os subuarines, N., leads to the determination of the 
number of ststions which can be patrolled with a given number cf Loate. 


The values of me and Ng will provice inputs to the cost equations to te 
nnaiveed in section 3. However, before turning to the cost considere- 
tion, the personnel requirements over a pericd of time will be developed 
2. Tue Long Range Personne! Requirarents . 

In this section, we wili determine the number cf personnel which 
will be required tc maintsin the personnel system at the desired level 
of ireining and numbers of cravs over a leng period of tine. 

The submarine is built and tken can be expected to operate satise 
fecturily with the usuel yard maintenance for a long period of times Un 
the other hand, perscnnel are subject to turnover. This turnover is e 
Significant fraction of a crew each year. In addition to attriticn, 
other wenbers of the crew must be moved from billet to billet. 

To provide anà maintain the necessary crews to operate the sub= 
marire, it is necessary to first train the initial A cravs per ceployed 
boat and then replace the perscennel lost due to attrition. To express 


the total input of personnel over & period of Y years in symbols, 





(12) R= the fraction of the personnel in 
the CAREER CYCIE lest by attrition 
gach year 

and 


I, Z total number cf personnel input per 
depicyed submarine over Y years 
meesured in crews; 
then the desired result is 
(13) I, > A+ YAR = AC] + Y°R) 
To count personnel per station rether than per deployed boat, we simply 
multiply Ip by ng, the number of deployed boats per staticn. Therefore 


the total personnel input per staticn is expressed as 


I, = the tctal number of personnel input per 
boat on station for Y yesrs measureé 
in crews . 
then 
(14) | Is = Ip ‘Ng 


3. The Cost Equations. 

Altnough SSEN submarines are expensive, the crews cost money too, 
Of course, the crews are not. purchased as equipment is but it does take 
money to recruit, train, pay and administrate the personnel required to 
man these SSBN crews. The term "crew cost" will be used to dencte these 
expenses . 

The total cost of the personnel over a long period of tine consists 


of thres factors. The first is the cost of training the initial input 
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og å crans yer deploye kort. l The next factor is the cost of paying 


and feeding these crews.< Finally, wo must include the cost of training 
the replacements which are required because of the attrition. Then for 
the total personnel cost te provide and maintain A crews per deployed boat 
over Y years, Bp, wo must acecunt for the initial training cost, the cost 


(A 


of replacing ennual attriticn, and the annual personnel expenses for pay, 


food, and administrative costs. 5 
let 
(15) Dp = the total personnel cost per 
ses, boat over I years | 
k åR | = DN 
Dr, = Sch a Yek oS Rofo R+ YoS» (A-h(£-=a)) y 
Y , = å SE 
Similerly, the total personnel cost per boat on station over Y years 
follows simply. 
pe 
Lot 3 
(16) D = the total personnel cost per 
boat on station cver Y years Ó HA A 
Ds = 


Dy *Ne EN 
To put the cost equation in symbols, we define | 


(17) S = the annual cost of paying, feeding, 
transporting, and providing for the 
general welfare of the crew including 
the on-the-job and between-patrol 
training the crew receives, 


- af 
A RS = the initial training cost of a crew 


h°S = the amount saved zer year by a crew in 
alternate assignment (psuedo crew); 


1Recall that A =a+a‘ and defined in equation (6) 


“The annual personne] costs will be modified to 
account for the fact that personne] in alternate 
eecigmments shouid not be included in the personnel 
costs per boat or station patrolled. 
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ară recel? that 


A is the total number crews deployed 
anc psuedo crews per deployed boat, 


a is the number of deployed crews 
assigned per deployed beat, 


R is the fraction of the personnel of 
the a crew lost to attrition sach 
year, 


ng is the number of deployed boats per 
boat on station. 


We will now devise cest equations similar to equations (15) and (16) 
for the cost of the submarines themselves for a period of Y years. We 
begin by defining these symbols for the boat costs which do not include 


crew costs, 


I 
u 


(12) the initial cost of the boat, missles 


and equipnent, 


M = the annual cost of maintaining and 
opereting a boat, 


Included in the annual maintenance and operating cost is the cost of 
yard and tender repairs and other costs which are functions of the number 
of submarines which we have. 

Thus the boat cost of one boat for Y years is 
(19) B= K + YeM. 

Because a boat will not be deployed at all times, we would like to 
know the boat cost in terms of its deployed time, hence we will define 
Bg, the beat cost per deployed boat over a period of Y years. Then 
(20) Ba = B (Tu<1) 


Tb 
Similarly, for the boat costs per boat on station for a period of Y years 


we have 


(21) B, = BeNg 
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With the aid of these equations which are summarized in Table 1, 
we are equipned to do a cost comparison of alternative personnel policies, 
A. The Shoice and Effect of Upkeep Dase Location. 

The advanced base lecation enhances the fraction of time on staticn 
by cecreasing the trensit time. The use of tha advanced base requires 
the crew to be away from home during both the PATROL and the UPKEEP pericd. 
One may consider using the home port for upkeep to allow the crews to be 
home mora between patrols. The question which then arrises is how much 
on station time is lost due to the longer transit and what is the re~ 
sulting effect on the overall costs and persennel requirements. 

In equation (9), we expressed the fraction of the BOAT PATROL CYCLE 
spent on station as 

ts = yor 

where r is the on station factor, To evaluate tg as a function of the 
varisbles, te and a, associated with the personnel policy, we will de= 
velope an expression for ts as a function of a and te for a particular 
home port, advanced base and operation area, 
Firat let 


rą wien the upkeep takes place in 
the advanced base 


rs 
rn when the upkeep takes place in 
the home port, 
then write thee when the upkeep takes place in 
the advanced base 
ts= 


thr, when the upkeep takes place in 


the home port. 


Recall the discussion that led to equation (3a). When the upkeep 
takes place in an advanced base each crew is with tie boat and -orew avay 


from home, for an entire BOAT PATROL CYCLE. Then the division cf the 
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BOAT PATRCL CYCLE is not. influenced by te Or 2. 

Therefore when the upkeep takes place in an advanced base, tp is 
independent of & and tz. In this case the value of th may be chosen as 
large as possible consistent with the maintenance requirerents of the 
boat. Let this value of tp be called tp, ,« When the upkeep takes place 
in the home port, we can substitute a-tc for tp. 

Thus 
(22) timay rt if the upkeep takes place 
in an advanced base 
ti aetcoor, if the upkeep takes piace in 
the home port. 

A detailed analysis of the dependence of ts on tb, thax? 99 tes 

ras In and the choice between advanced base or home port upkeep is 


develcped in the Appendix. Briefly the results are: 


(23) if acte = 1 then the upkeep should be in 
an advanced base; 


if atte Z Ih then the upkeep should be in 
— Ta the home port; 


if Eh < act, <1 then the upkeep locations 
a should be a combination 
determined by the procedures 
in the Appendix: 


(24,) ty r, if the upkeep it to take 


ty ə 
=; place in an advanced base 


artery, if the upkeep is to take 
place in the home port. 


t if a combination of home 
port and advanced based 
upkeep locations is in- 
dicated. See the Appendix. 
Thus it is possible to determine for each value of a and tc in a 
given geographical situation, which upkeep location should be used and 


the resulting value of ts. 
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CHAPTER 11] 
APPLICATION CF THE ANALYTICAL MODEL 

In the first section of this chapter, the various alternativs 
personnel policies are discussed, and the procedure for applying this 
model to their analysis is summarized. The second section offers four 
examples. In the third section, possible refinements to this model are 
discussed. 

l. The Alternatives. 

We now turn our attention to the alternatives which this thesis 
proposes to compare using the analytic model of Ghapter IT. 

To simplify the procedure of comparing personnel policies and the 
resulting operational scheme, it will be convenient to list precisely 
the charactsristics of an SSBN personnel policy. The symbols for these 
characteristics have been defined in Chapters I and II, Therefore a 
personnel policy is characterized by: 

(a) The number of deployed crews per deployed boat, 4. 

(b) The career rotation in terms of years of SSBN sea 

duty for each year of shore duty or other sea duty. 
The PERSONNEL CAREER CYCLE characterizes this 
rotation. 


(c) The fracticn of the CREW PATROL CYCLE that each crew 
is away from home, te, 


It must be recognized that such a policy will not be devised without con= 
sideration of the operation of the submarine. In fact, it is the 
interrelation between the personnel system and tha submarine system 
operational that we seek to study in order to find the operational scheme 
which is optimized with respect tc both personnel and equipment, 

As a result of specifying the personnel policy as indicated above, 


certain of the characteristics of the boat operation are determined. 
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For instance, the fraction of the BOAT PATROL CYCLE spent on station, tr, 
is determined from equations (23) and (24), while others must be specified 
becauge they are independent of the PERSONNEL POLICY. 

The cost parameters which are inputs to the analysis must be de- 
termined from budgetary data and personnel statistics. The attrition rate 
is a function of the personnel policy because an attractive career will 
retain more of the personnel. However, we will be able to estimate only 
qualitatively the attrition rate because of the unpredictability of the 
personne] reaction to an alternative personnel policy. 

Here is a step by step procedure for determining the personnel re= 
quirements, boat requirements, ard associated costs of an alternative 
PERSONNEL POLIGY: 


(a) Specify the PERSONNEL POLIGY by specifying 
A, a, and tes 


(b) Specify the independent boat parameters, Tp and tp,.,» and 
N (if applicable.) y 


(c) Determine the location of the upkeep bases with respect 
to the operation area in order to specify ry and ry. 


(4) Determine a feasible operation plan that has the 
characteristics of (a), (b), and {c) above. 


(e) Detarmine the use of the upkeep locations from equation (23). 
(£) Determine the use of ts from equation (24) 
(g) Determine ng end Ns from equations (10) and (11). 


(h) Determine S, Sk, Sh, M, and K from budgetary and personnel 
data. Specify Y, the number of years considerad., 


(i) Estimate R or express the remaining equations as a function 
of Ro 


(j) Determine I, and I, from equations (13) and (14). 
(k) Determine Dy and Dg from equations (15) and (16). 


(1) Determine B, By and B, from equations (19), (20), and (21) 
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Table i provides a summary of equations which are to be used in tha 
enalysis of an alternative personnel policy and suggests a fornat which 
may be helpful. 

In the developement of the analysis, we have expressed the results 

| 
in two ways, as the costs or numbers of personnel required per bout on f 


| 
station or per deployed boat. Other measures of effectiveness which are J 


appropriate arə total coast and capability of a fixed number of boats, 
4 


boat cost, personnel costs, personnel required, and number of stations — 
which can be patroiled by a fixed number of boats. For this purposs, let 
N* be the number of boats in the LONG RANGE OPERATIONAL CYCLE. The 
equations are easily derived from the variables already defined and they 
are shown in table 2. 

Equations (10) and (11) give the number of submarines for two 
Situations. It will be illustrative to observe the analogous factors for 
the numbers of crews. 

For this let 


Cg = tne number of deployed crews per 
boat on station, 


the number of crews in the CAREER CYZLE 
per boat on station, 


C3 


then we just multiply A and a by the number of deployed boats per station 


to get 
(25) Cg > & ng 
(26) CA S Aen. 


Teble 2 gives a summary of the suggested measures of effectiveness, which 


can bs used to place the resuits of this analysis in perspective. 
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TABLS 1 
EQUATIONS AND FORMAT FOR THE ANALYSIS 
Specify the Fersonnel Policy with 


o AA tå 


T— > =P 








Spscify the independent boat parameters 


: 7 qe 
(o) To E N 


Detarnins the effect of the distances to the stations 


(c) Pa Ph 





(d) Work out operational complications i5-any. Ensure that 
the cycle lengths are feasible. 


(e) Determine which upkeep base is to be used 
ifat, =l then usa the advanced base for upkeep 


a tc £ rp then we the home port for upkeep 
ee 


2 Late < 1 then use a combination of home port and 
advanced base for upkeep in accordance 
with the Appendix 
(£) Detərnine the fraction of the BOAT PATROL CYCLE spent on station 
pnax Te the advanced base is used for upkeep 
ts E a te rh when tas home port is used for upkeep 
ts when a combination of home port and 
advanced base is used for upkeep in 


accordance with ths Appendix 


(g) Determine the number of depioyed beats per boat on station 
at 
Ng = 
ae E 
tarmine the number of boats in the LONG RANGES OP-CYCLE per boat 


on station 





TABLE 1 continued 


(h) 


(i) 
(3) 


(k) 


(1) 


Deteruins the nunber of deploysd crews per boat on etation 


$ = å Vg 


5 


boat on station 


Ge = Aons 


od 


Determine fron data of conjecture values of the cost parameters 


S x h 


DA wor. BEE A u NIT A 





R M Y 





Estimate the attrition rate H. 

Determine the total personnel input per deploys boat for Y years 
, =A(1 + YoR) 

Determine the tots personnel input per boat on station for Y years 
I 


s = ng * Ip 


Determine the total personnel = per deployad boat for Y y SHE 


V # A i N $ 5 


"amp 


Dy 2 S*k- LJ: SoA +H(A - = hd he§ 
Deteraine the total personnel costs per boat on station for Y years 
Detsrnine the boirt costs for Y years 

B = Ky M 
Detsruine the boat cost per deployed boat for Y years 

B, = B 

a Th 
Detsruine the boat cost per boat on station for Y years 


Ba =~ BN, 
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TABIE 2 
SUGGESTID MEASURES å EFFEGTIVENESS 
Totel requirezente for 1 Deployed Boat 


i = Total nunbor os submarines in the 
ip LONG RANGE CPERATIONAL CYCLE 


I, = Total nunber of personnel input 
(measured in crews) 


B, = Total cost of the submarines 
Dp = Total cost of the personnel 
Total requirements for 1 station patrolled continuously 


No - Total nunber of submarines in the 
LONG RANGE OPERATIONAL CYCLE 


I. = Total nunber of personnel (in crews) 
Bg = Total boat cost 
Ds = Totni crew costs 


Capability of a total of N* boats in the LONG RANGE OPERATIONAL 
CYCLE 


NT, = the number of boats deployed 


N* = the number of stations patrolled 
Ns 


Total cost of N* boats over a period of Y years 


N*o25M = Total Boat Costs 
N*-TyDyp = Total Personnel vosts 
N*oTpIp = Total Personnei Input 





2. Examples 


Alternative 1: Alternative 1 is approximately the present plan. 


(a) As 3 az 2 ta = + 
W Tp z 5/6 co, = 75 N*= 41 
(c) rags 1 = 78 


(d) The present Op plan. 


(e) Upkeep in advanced base. 


(£) ts = 2/3 
(e) ns = 15 Ns = 1.8 
(h) cs= 3 Cg = 405 
G) Re 3 
me & 3.3 h = Y= 20 S, M, K unspecified 
Ms)”. Ip 33(1 »20R)= 21 Y 931.5 
(1) Dp= 1008 
De =, 150.8 
(m) Bs K 20M Ba = 1.2B 
B, OE 


With 41 boats, we get 22.8 stations patrolled at a cost of 150.3 1.8B 


per station 


Alternative 2. If we operate with one deployed crew without encreasing 
the "workload" of the crew =- we have this situation: 

(a) A=15 a=1 te = 4 

(0) THs 5/6 ty, = 2/3 N*¥= 41 Y = 20 years 

ke) ml hs 78 

(d) The present plan modified as follows 

(e) Upkeep in the home port 

E 272239 

(g) wa = 2.56 Ns = 3.08 
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(h) Su = 2.55 Sy = 3484, 


Gy ke 3 h= 1l S, M unspecified. 
(k) I, =1.5 (1 7) 
(2) Dh = 8:31.5 358 - 105 = 56.55 


10,5 y 20.69 


Ds = 1338 


ME SK 20M, By = 1,2B, Bs = 34088 
41 boats will patrol 13.3 stations. It will take 70 bouts to patrol 


22.3 stations at a cost of 1335  3.08B per station 


Alternatives 3(A) and 3(B) 


(ENE 1.5 a= 1  te= 2/3 
(b) Ty, = 5/6 ee = 2/3 Nez) 
(e) Ly = 1 n= . 78 


(å) no problems. 

(e) upkeep at homeport 
NA us 

(E) ns = 1.94 Ne, 2,98 
(nh) cs = 1.94 Cs = 2.92 


(i) S,M unspecified, k =3, h=1 
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3(A): 
(jj R= 3 


(k) Ip = 10.5 


(1) Dy = 56.508 


(m) B=K 20M 


in this case we have saved on 
both crews and boats over 
alternate 2 but we have 
neglected a possible increase 
in R 
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ns 
P 

enst? 
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O 
bf 


I, 226-2 
(1) Dy = 6525 S 
De = 12705 
(m) B=K 20M 
By = 102B 


20333 


Bs 


If the increase in Ris 1 over 
at 3(A) then this case gives the 
result this case is the best of 
the examples, if R is realistic. 





CHAPTER IV 
CONCLUSIONS AND RIGG ENDATIONS 
ENTRO, 

The model presented here is canable of performing en anelysie of 
the SSBN operation to determine long range personnel requirements and 
associated costs for the purpose of comparing varicus personnel] policies. 

An enelysis cam be wade cf the entire system or of a portion of the 
systems Thus a particular part of the system such as the home port and 
advances base which support a particular operation area can be studied, 
taking into consideration only a portion of the crew. 

The results of the study of these costs and requirements are in- 
fiuenesd to a considerable degree by the actusl value of the personnel 
attrition rate, This factor will prave to be the most difficult to de=- 
termine atcuretaly because it depends in part on the crews’ reaction to 
the personnel policy. Expressing the results as functions of the attrition 
rate will lend to a useful sensitivity analysis, 

¿he model developed in this paper will provide a basis for further 


vork on this problem as suggested below in the recomrendetions. 


m 


2. Recommendations. 
Further application of this model will require these steps to be 
taken: 
(a) Refine the model to teke into account the variations 
between the groups of personnel which have different 


characteristics. 


(b) Refine the model to taxe into account the various home 
portendvanced base-oporation area complexes, 


(2) Refine the technique of performing a sensitivity 


analysis of the attrition rates of the varicus personnel 


CARA 
> DARD 9 
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(f) 


(g) 


Progrem the sensitivity analysis for a digital 
computer to handle the computations required by (ce) above. 


Refine the cost equations to reflect the effect of cost 
Ciscounting over time. This step is considered quite 
important in view of the lor. time inerement (29 years) 
used to characterize the life of each of the submarines 
and length of the careers of the personnal. 


Persual of step (A) leads one to suggest that the various 
parameters snould te made functions of time to considar 
not only cost discounting but other time dependent aspects 
such as a transition from one mode of operation to another. 


Finally, it shall be necessary to devise and implement a 
date collection plan. This plen will have two phases. Ths 
first will ke an investigation of the types of information 
availeble and its location. The second will be a plen to 
collect and reduce, to the reauirec format, the necessary 
data to perform an analysis. 


Although a considerable amount cf work to improve this model has 


been indicated, the comperigons produced by the model in its present form 


do provide some insight inte the implications of the employment of various 


numbers of crews for each bout and establishing varicues career patterns. 





APPENDIX 
The purpose of this Appendix wil] be to varify equations (23) and (24) 


no to show that 


ts = arte-p 
(1-6) 


A 

where p = the optimun fraetion of the UPKEEPS of a POAT 
DEPLOYMENT phass which are to taks piace in the 
advanced base; 





[ Pira Eh) + ty, | TERS 


Ta 





= l= as to erant h 








AT z = 


Equaticn (23) of Chapter II states 


if asto = 1 then the upkeep should be in the 
såvanced bare, 
if aot. orp then the upkeep should bs in the 
TE noma port. 
Ir Thg act. C1 then the upkeep locations &hould 
Ta be a combination determined by the 
7 procedures of Appendix, 


Equation (24) of Chapter II states 


ts = thay Ta if the upkeep is to take place in 
the advanced base. 


Jato 
e 
e.) 


arter if ihe upkeep is to take place 
the home port. 


A 
v. if a combination of home port, and 
3 4 
advaneec base upkeep location is 
indicated. See Appendix, 
First we shall define a variable, Ts, which is similar to ts of 
equation (9). This new variable will be a function of acte, rp sr}, ani o 


varleble, p, which reflects the amount of use of the advanced base. 


To shorten the notation for the lengths of some of the operational 
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LuP = Length og the PATRUL 
LPG = Length of ibe ECAT PATROL C1CIE 


(Ai) 
gih of the transit to and from the 


ES 
fo 
rå 
e 
Ag 
Ed 

x 


ron = length of the trensit to and from the 
home port, 


Suppose ever a BOAT DEPLOYMENT, whieh consists of a nuiber P of 


BOAT PATSCL CYCLES, there are to be FP* UPERETF periods which take y Lace 
3 P 
in an edvanced base anå (r-P*) UPKEEP vericós which take place in the 
£ F 


noma port. With this notion it will be convenient to take a longer range 


look at the tine fractions. 











et 
Tr = length of time on station during a DAT 
DEVLOYRENT d 
(length of or tre BOAT DEPLOS VES IT) 
(A2 
ts = + (P-P*):(LOP-LOTE) 


P 125) 


now la © 


p = the fraction of UFREEP pericds of a BOAT DEPLOYMENT phase 
vhich take place in the advanced base; 
(43) 
Er 


From equation (9), notice that 


Poe ty = tae freeticn of BOAT PATROL CYCLE spent on station 
when the advanced base is used for upkeep, 
then 
ae th = LOP=LOTe v 


LEG 














Likowiso 
Poet. = tha fraction the SCAT PATROL GYGIE spent on 
station when the home port ia used for upkesp. 
inen 
Sy ty, = Li LCH 
i SIFO 
therefore 
pg om 2 as 
(ak) ús ær pi tr, Pa) + (1-g) (tr SH) 
Notice that ps i implies that 211 UPKEEP is te take 
place in an advanced vase; 
p= 9 innlede that eli UPrELT is to take 
piece da the home port; 
AA implies tnat th 1131 be a plen t 
w P 3 på T ves ho do ÁM y er Y A. € a PEST O 
use both home SA ant eüwanceed bases 
for UPAMEF, 
. på 2 SS 
ve now Seok to eliminate tp Iron owe expression for ta- 
Begin by cefining to as á function of e, th, and p. 
Le”, 
(26) te E. the fracticn ef time of a BOAT ERO that 
each deployed crew spends away from home 
+. MEW) 1 oe (length of UPKEEP) 
A = A 
E K s ( 3 
: P-LPS 
SS » ive Y 
tan = gig giLPC-LOP) 
E tá | 
f 
(LPO) 


¿4 


tp + p0-tp) 


A fs 





put te in the form of equsticn (3), which is 


A 


& 


o 


if p 


ft 


bd 
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st 


på -a 7 Kø ~ ` a p: >. no. Ea a r 3 
Now vewelte (47) for ty as a function of arty and p., 


WAS) tu = B+to-p << 


"Ip 
independent of ato if p = 1 


Recall the discussion which defined GE ar in section 1-4. 


With this in mind, we write 


(AG) tr SV a-te-p if p <a I 





Je 


pa Leo sek 


aná require that 


Yo 


f 
* 


IN 


110) tr ós 


r 


e z å 4 j ~ g5 2 en » På E Pe ri A > Se t 
By combining equations (47) and (412) we arrive at the desired for the 
value of te, which ig now written as ts, to indicate that it is a funetion 


ef p as well as a-te,¥s, and rn. Thus we have 


DR 
Ks = Ur De då p >= iE 


Achte 
er | PÅra-rp) + rn | Oo =p <1 


We now prepare to determine the cptizum value of ts which we will 
cail ts for each valve of a-te, rp, and re. 
From equations (A7) and (410) it can be shown that 
(412) ato = 1 if and oniy if p% l, 


ÁS a resuít 


+ 5 = A 
&eto = 1 impiles that ts = as es 


a 


arn 


Equetions (43) end (43) impose this constraint 


(A13) OS E D £ a «ta 
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ta 


$ e ` ne A ‘ * a or qe + , eae skr ve Å Å yT = 1, pos 
Assuming the value of p is independent of cust consideration, we snall 


que 
? 


wi. ete ee? o an EEE og Å av Å pr 
pe inc procedure will be to differenlirte Le 


Q 
rn 


masitize ts over velves | 
and set. the result equel to zero, then solve for p subject to (413). Let 
; NA 
the solution ve called p. 


(ALL) dts . (rarrm)po-2(rarrp)e + arters | 
es 5 





A (varo cto tar 





A A 
p = 2Are-rn) HV 4(ra-rn)* 





2(ra-rn) 


v> 
11 





bu oS*pé1 
therefore 


1= l = astera ~ th for r; 
ree = =2 < aste L 
e h på 


v> 
u 





for acte Th 
Ta 


it 
C 


and let 5 


We can nov write 


(A15) = 


p = 
A 
pp E 





and finally 
(416) t, = 


Conax Ta IT este = 1 





i : À if ry 
å 6) te < 1 
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A 


The total murber of crews in the CAREER CYCLE per depioved boat. 
The number of deployed crews per deploysd boat. 

The number of pseudo crews per deployed boat, 

The boat cost of one boat for I years. 

The boat cost per deployed boat for Y¥ years. 

The boat cost per boat on station for Y years. 

The number of craws in the CAREER SYOLE per boat on station. 
The number of deployed crevs per beat on station. 

The total versonnel cost per deployed boat over Y yeers. 

The total personnel cost per boat on station over Y years. 


The total number of personnel input per deployed boet over I 
years measured in crews. 


Tre total number of personnel input per boat on station far Y 
years measured in crews. 


The initial cost of an FEM submarine, 
The annual cost of mainteining and operating a boat, 
The number of boats in the LONG RANGE CPERATIONAL CYCIE. 


The number of boat: in the LONG RANGE OFERATIONAL CYCLE per 
boat on station, 
The number of deployed boats per boat on station. 


v 


Tha fraction of the peraonnel in the CAREER CYCLE lost by 
attrition each year. 


The fration ef the PATROL spent on station. The on station 
factor. 


The on atation factcr for the edvanced base. 
Tke on station fector for the home port. 
The annual cost of paying, feeding, transporting and providing 


for the general welfare of the crew including the on the job 
training and between patrol training the crew receives., 
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h 


{NH 


Ser 


E 
i} 


f 


The amount saved per yesr per crew in “he alternate assignment. 
The initial Training cost of a crew. 


Ths fraction of the LONG RANGE OPERATIGNAL CYCLE spent in the 
DZPLOYMENT phase. 


Tre {rection of the BOAT PATROL CYCLE spent on PATROL. 


The fraction of the CAREER OYCLE an FBM submarineer is assigned 
to a depleyed boat. 


the frection of the CREW PATROL CYCLE that the crew is away 
from hone. 


The fraction of the BOAT PATROL CYCLE spent on station, 


The uumber of years to be considered for the long range costs 
end requirements, 
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